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Introduction 1). This study was conducted according to the Declaration of Helsinki and was approved by 126 the Ethics Board of the University of Dresden Medical School (#EK22012018). Participants 127 provided written informed consent prior to their participation. Age (years) 2 21 ~ 34 (25.9) 26.9 ± 1.1 25.4 ± 3.2 t 28 = 1.14, p = 0.27
Female/Male 21/17 5/10 9/6 χ 2 = 2.14, p = 0.27 adopted (Proserpio et al., 2015; Silva et al., 2015) , in which participants received sets of three 148 strips (one sweet taste strip plus two blank strips without tasting substance) in ascending 149 order from the lowest to the highest concentration. Participants were asked to taste each strip 150 and to identify the one which tasted differently. Whenever they were incorrect, they were 151 presented with the next set of three strips containing a sweet taste strip with a higher 152 concentration. When participants identified the sweet taste strip at a certain concentration 153 correctly, they would receive the same triplet of strips (e.g. the sucrose concentration for the 154 sweet taste strip was identical to the one that was correctly identified). A sensitivity level was 155 defined as the concentration that was correctly identified three consecutive times. In this way 156 the chance of guessing the correct answer three consecutive times is 3.7 % (Lawless and 157 Heymann, 2010). The order for presenting the three strips (two blank and one sweet taste 158 strips) was randomized. All participants were instructed to rinse their mouth before the 159 assessment of each triplet of strips. Based on the test result, a score from 1 to 8 was assigned 160 to each participant as sweet taste sensitivity score. With the use of a median split, 15 161 participants were classified as high sweet-sensitive (HS, score < 4) and 15 participants as low 162 sweet-sensitive (LS, score > 4) ( Table 1 ). The remaining 8 participants were not included in 163 either group because their sweet sensitive score coincided with the median score (score = 4).
164 Macronutrient and taste preference task 165 Participants' preference for food taste and macronutrient was assessed after the completion of sweet and savory food items. There were three parts in the test: practicing, liking, and ranking. 170 The liking part was designed to introduce participants to each product by name and picture.
171
Liking was assessed by presenting pictures of all 32 products with the question: "How much 172 do you like [product name]?" which was rated on a 9-point scale ranging from 1 (do not like 173 at all) to 9 (like extremely). The ranking part consisted of two sections, one focused on 174 macronutrients and the other on taste, i.e., sweet and savory. Participants were asked to make 175 rankings of four products based on how much they preferred to eat the different foods in their 176 daily life. These rankings were used to assess the relative preferences for the four 177 macronutrient categories and the two tastes, i.e., sweet and savory. The task was executed in 178 E-Prime 2.0 professional (Psychology Software Tools, Pittsburgh, PA, USA). The task outcomes were: macronutrient liking score (range from 1 to 9), taste liking score (range from 180 1 to 9), macronutrient preference score (range from 1 to 4), and taste preference score (range 181 from 1.5 to 3.5) ( The fMRI session was conducted no later than two weeks after the sweet taste sensitivity test.
200
The hunger/fullness (on a 9-point scale) and the time since the last meal consumption (in 201 hours, self-reported) were assessed before the MRI scan. A block design was adopted for 202 odor stimulation. Each block started with a 15-second "odor period" where odorized air was 203 delivered to the participants' nostrils, then followed by a 20-second "baseline period". In At the end of the functional run for each odor, participants were asked to verbally rate the 213 odor intensity (0 to 10; "not perceived" to "very strongly perceived"), pleasantness (0 to 10; 214 "extremely unpleasant" to "extremely pleasant"), sweetness (0 to 10; "not sweet at all" to 215 "very sweet"), and desirability to eat food with similar odors (0 to 10; "Do not want to eat at 216 all" to "Want to eat very much") through the intercom. Before the scan, participants were 217 trained to use the velopharyngeal closure technique (breathing only through the mouth by 218 lifting the soft palate) during the scan (Kobal, 1981 applied to the preprocessed images based on the following rules: image-to-image motion less 253 than 0.5 mm/TR and total images repaired less than 20%. Of 42 participants who completed 254 the fMRI scan, 4 were excluded due to excessive head motions (3 women and 1 man).
255
Therefore, fMRI data from 38 participants were analyzed and reported.
256
Imaging data analysis 257 For each baseline period, the first five seconds were discarded due to the potential carry-over 258 effect from the odor period. Analyses of fMRI data were performed on two levels. At the 259 subject level, the "baseline period" was first subtracted from their respective "odor period" 260 and resulted in five contrasts of interest corresponding to the five odors conditions (chocolate, 261 peach, peanut, bread, and rose). In addition, the following contrasts were built for each fat/low-fat) 3-way ANOVA model was set to test whether the group differences in brain 269 response vary in terms of the taste quality or macronutrient content of odors. For the aforementioned analyses, odor ratings (intensity, pleasantness and sweetness) and hunger 271 levels of participants at the time of MRI scan were included as covariates. In addition, the 272 linear regression models were set to further explore the association between individual 273 sweetness sensitivity and brain activation to high-fat, low-fat, sweet or savory food odors, as 274 well as non-food odor with 38 participants who underwent the fMRI scan.
275
A region of interest (ROI) approach was performed in brain regions that are known for their Front_Med_Orb. For all ROIs, left and right hemispheres were tested simultaneously. participants in order to examine whether the selected odors were categorized properly.
311
Correlations between variables (e.g., between sweet sensitivity score and extracted brain There were no significant differences between LS and HS groups with respect to preference 320 for sweet or savory foods (for all, p > 0.05, Figure 1A ). Compared to LS group, the HS group 321 had higher preference for carbohydrate-dominated foods (F = 4.67, p = 0.04, ƞ 2 = 0.15, 322 Figure 1B ) and higher liking scores for sweet foods (F = 4.67, p = 0.038, ƞ 2 = 0.16, Figure   323 2C). HS group also tended to exhibit a lower preference for savory foods than LS group (F = 324 3.56, p = 0.071, ƞ 2 = 0.12, Figure 1C ). In contrast, LS group showed higher liking for protein-325 dominated foods as compared to HS group (F = 5.26, p = 0.03, ƞ 2 = 0.17, Figure 1D ). In Figure S1 ). When compared between odors among all participants, the chocolate and peanut 342 odors were estimated with higher fat content and energy density compared to peach and bread 343 odors (Figure 2A) . The chocolate and peach odors were rated to have higher 344 sugar/carbohydrate content (Figure 2A ), perceived as sweeter ( Figure 2B ) as compared to peanut and bread odors. This result indicates a clear differentiation between the selected 346 odors in terms of their taste note and dominant macronutrient. (Table 2) . There was a main group effect in the bilateral OFC 358 showing significant stronger activation in HS as compared to LS (Table 2) . The 3-way ANOVA revealed no effect of group taste quality fat content interaction on showed that participants who can detect sweetness at a lower concentration (HS group), 408 compared to those who can detect sweetness at a higher concentration (LS group), had a 409 higher preference for carbohydrate-dominated foods and liked sweet foods more, while they 410 had a lower preference for protein-dominated foods. fMRI results also showed that the HS on the previous study which showed HS participants consumed less carbohydrate compared 421 to LS participants from a signal-meal food intake . However, the actual 422 liking or preference regarding food tastes or macronutrients were not assessed. It is possible 423 that in the previous study, an initial preference for foods with sweet taste or high 424 carbohydrate content among the HS participants led to faster and a higher degree of sweet-425 specific satiety, which then resulted in less amount of sweet food and carbohydrate consumed 426 by the HS participants. proposed to be of key importance for food perception, responding not only to perceptual 434 stimulus properties, but also encoding knowledge about the reward value of the consumed 435 item (Small et al., 2001) . 436 We also found increased insular activation in the HS group with high-fat vs. low-fat food is supposed to store information on the hedonic properties of food, may also be linked to 468 craving food such as chocolate (Rolls and McCabe, 2007) . This suggests that innately 469 enhanced responsiveness of the insula, which may contribute to increased sensitivity to 470 palatable foods high in fat and sugar and a shift in dietary preference towards such food, 471 increases the vulnerability to obesity (Kenny, 2011) . However, whether the enhanced 472 activation to odors could predict actual food intake needs further research.
473
In humans, higher sensitivity to sweetness was associated with lower leptin concentrations Several limitations of the current study need to be noted. First, by reducing the number of 484 participants in the study in order to study a more defined population, statistical power was 485 also reduced, making it more likely that certain a priori expected results were not found to be 486 significant. Second, the use of food cues from different sensory modalities in behavioral and 487 fMRI tests limited the direct comparison between them. It is also possible that people were 488 better to discriminate the nutrient (e.g., fat) content of food items from their odors than from 489 their respective pictures. Third, only one food odor was chosen for each category and 490 therefore, an odor quality effect could not be ruled out. In addition, the rose odor taken as a 491 non-food odor may be biased among participants who are familiar with food containing rose 492 flavor, at least in theory. In fact, because of the conduct of the study in a region where rose 493 odor is used as a perfume and not as a food, it is unlikely that rose odor was categorized as a 494 food odor in the currently studied population. Fourth, actual food selection and consumption 495 was not measured so that the results of this study could not support a brain -behavioral The study provided behavioral and neural evidence for the link between sweetness sensitivity 501 and preference and processing of food cues that varied in taste quality and macronutrients.
502
Specifically, the HS group preferred carbohydrate-dominated foods and liked sweet foods 503 more than the LS group. In addition, a higher sensitivity to sweet taste was associated with 504 stronger neural responses to sweet and high-fat food odors stimulation in the insular region.
505
As these regions are involved in food reward processing, the stronger neural activation 506 among HS participants may reflect a stronger appetitive response to food cues which would 507 further influence food liking and/or craving. Further studies are necessary to determine 508 whether the elevated brain responses to food odors predict subsequent food choice and 509 consumption. In conclusion, this study showed that individual sensitivity to sweetness can be 510 associated with not only preferences for sweet food-related odors and carbohydrate-511 dominated foods, but also elevated neural activations in the brain regions related to reward 512 processing. 
